Embryonic poly(A)-binding protein (EPAB)-deficient mice are infertile due to defects in both the oocyte and the somatic cells of the ovary. Since EPAB is oocyte specific, the abnormalities in the somatic compartment of Epab −/− mice are likely due to factors inherent to the oocyte. Herein, we investigated whether oocyte-somatic communication is disrupted as a result of EPAB deficiency. We found that gap junctions are disrupted at the late preantral stage of folliculogenesis in Epab −/-mice and remain disrupted in cumulus-enclosed oocytes (COCs) from antral follicles. Consistent with the timing of gap junction dysfunction, F-actin staining of transzonal processes (TZPs) is lower in Epab −/− follicles at the late preantral stage and completely absent in Epab −/− COCs. Epab −/− oocytes express significantly lower levels of the junction protein E-cadherin, which is likely to be a contributing factor leading to premature TZP retraction. Overall, these results demonstrate that EPAB is important for oocyte-somatic communication by maintaining TZPs and gap junctions at the preantral stage of folliculogenesis.
Introduction
Embryonic poly(A)-binding protein (EPAB) is an oocyte-specific cytoplasmic poly(A)-binding protein (PABP) that is important for regulating gene expression in the oocyte. EPAB is exclusively expressed in the oocyte and early preimplantation embryo until zygotic genome activation (ZGA), at which point it is replaced by ubiquitously expressed PABPC1 [1] [2] [3] [4] . PABPs play important roles in messenger RNA (mRNA) translation and stability [5] .
Specifically, EPAB is important for translational activation of maternal mRNAs during Xenopus oocyte maturation. EPAB is involved in both polyadenylation-dependent and-independent pathways that temporally regulate translational activation of repressed mRNAs upon stimulation of oocyte maturation [6] [7] [8] . Importantly, EPAB prevents deadenylation of mRNAs [3] , promotes cytoplasmic polyadenylation [9] , enhances translation initiation [4] , and is required for maturation of Xenopus oocytes [9] .
Previous studies by our laboratory have also demonstrated a critical role for EPAB in mammalian fertility [10, 11] . EPAB-deficient mice are infertile due to defects in both the oocyte and the somatic cells. Epab −/− oocytes exhibit reduced rates of germinal vesicle breakdown and are incapable of progressing to metaphase II [10] . Epab −/− oocytes are loosely associated with cumulus cells and a majority do not undergo chromatin remodeling and transcriptional silencing during growth [11] . In addition, Epab −/− oocytes fail to activate maternal mRNAs by cytoplasmic polyadenylation upon stimulation of oocyte maturation [10] . Interestingly, oocyte maturation can be rescued in Epab −/− oocytes when Epab mRNA is injected into the oocyte at the preantral stage of folliculogenesis [11] . Thus, EPAB is important during oogenesis for the development of a meiotically competent oocyte as well as during oocyte maturation for translational activation of maternal mRNAs. Folliculogenesis, ovulation, and cumulus expansion are also impaired in EPAB-deficient mice [10] , indicating that oocyte-specific EPAB is somehow involved in regulating the function of the somatic compartment. Epab deficiency leads to abnormal follicle development. While the number of primordial, primary, and antral follicles is the same in wild-type (WT) and Epab −/− mice, the number of secondary (preantral) follicles is significantly increased in Epab −/− mice. The follicular structure of Epab −/− secondary follicles is also abnormal [10] . Using a system in which denuded oocytes are cocultured with oocytectomized cumulus cells (OOX), we found that impaired cumulus expansion is the result of defects in both the oocyte and the cumulus cells in Epab −/− mice [12] . When Epab −/− oocytes are cultured with WT, OOX's, or vice versa, expansion fails to occur in response to epidermal growth factor (EGF). Furthermore, granulosa cells from EPAB-deficient mice fail to activate downstream mediators of the Lutenizing hormone (LH) and EGF-signaling cascade [12] . The expression of GDF9 and BMP15 are unchanged in WT and Epab −/− oocytes [12] , suggesting that impaired cumulus expansion and ovulation in Epab −/-ovaries is not due to the inability of Epab −/− oocytes to produce these important factors.
In this study, we aimed to further investigate how oocytespecific EPAB influences cumulus and granulosa cell functions. Given the importance of oocyte-somatic cell connections during folliculogenesis, we hypothesized that the oocytes and somatic cells in Epab −/− ovaries fail to communicate properly with each other thereby leading to many of the phenotypes observed in Epab −/− mice. The ovaries were removed from the bursa and follicles were gently teased away from the ovary using a forceps and a needle [13] . The media for follicle collection was MEMα medium supplemented with 25 mM NaHCO 3 , 75 μg/ml penicillin, 50 μg/ml streptomycin sulfate, and 5% fetal bovine serum (Life Technologies).
Assessment of gap junction communication
Cumulus-enclosed oocytes and preantral FEOs were injected with the gap junction tracer AlexaFluor 488 (A10436, Life Technologies; M r = 534) [14] . Quantitative injections were performed as previously described [13, 15] . Cumulus-enclosed oocytes (COCs) were injected with 10 pl of 2 mM AlexaFluor 488 for a final concentration of 100 μM and observed 45 min later. Preantral FEOs were injected with 10 pl of 5 mM AlexaFluor 488 for a final concentration of 250 μM and kept in injection chambers for imaging 2 h later. Images were taken using a Zeiss 510 confocal microscope (Carl Zeiss Microscopy, Thornwood, NY) with excitation at 488 nm and emission at 530 nm. The spread of AlexaFluor 488 from the oocyte to the surrounding somatic cells via gap junctions was determined using Image J software (National Institute of Health, Bethesda, MD). A region of interest in the oocyte was selected using the rectangle tool, and the area, integrated density, and mean gray value were measured. The rectangle was moved to the somatic cells and then to the background for the same measurements. The corrected total cell fluorescence (CTCF = Integrated Density -(Area of selected cell × Mean fluorescence of background)) [16] was calculated for the somatic cells and oocyte, and the ratio (somatic vs. oocyte) was determined.
Western blotting analysis
Oocytes and FEOs were pelleted by centrifugation, lysed in 2× Laemmli sample buffer with 5% β-mercaptoethanol (Bio-Rad, Hercules, CA), and boiled for 5-10 min at 95
• C. Proteins were resolved on TGX precast gels (Bio-Rad) and transferred onto polyvinylidene difluoride (PVDF) membranes (Bio-Rad). The membranes were blocked with 3% bovine serum albumin (BSA) (Sigma) or 5% nonfat milk (American Bioanalytical, Natick, MA) and incubated in primary antibody overnight at 4
• C. Primary antibodies were α-Cx37 
Staining of transzonal processes
Cumulus-enclosed oocytes and preantral FEOs were fixed in 2% formaldehyde (Sigma) for 1 h at 37
• C, washed in phosphate buffered saline (PBS) with 0.1% TritonX-100 and 0.01% PVA, and blocked with 3% BSA for 30 min at room temperature. F-actin TZPs were labeled using rhodamine-phalloidin (Life Technologies) diluted 1:40 in PBS/PVA. After staining, the follicles were washed three times in PBS/PVA and observed with a Zeiss 510 confocal microscope using a 63 × 1.2 NA lens. The laser excitation wavelength was set at 543 nm and the emission was set at 560 nm. TZP frequency and distribution was analyzed by Image J using the plot profile tool. A line was drawn through the entire follicle to obtain a linescan profile. The total fluorescence under the peaks corresponding the zona pellucida and plasma membrane was calculated.
Quantitative reverse-transcription polymerase chain reaction
Total RNA was isolated using the RNAqueous Microkit (Ambion, Austin, TX) and reverse transcribed using the RETROscript kit (Ambion) and random hexamers according to the manufacturer's instructions. Quantitative real-time polymerase chain reactions (PCRs) using iQ SYBR Green Supermix (Biorad) were conducted on an iCycler (Bio-Rad) and assayed in triplicate. Forward and reverse primers (Table 1) were designed against separate exons in order to avoid amplification of genomic DNA. The 2 − Ct (cycle threshold) method was used to calculate relative expression levels after normalization to Rpl19 levels. Results were reported as a fold change in gene expression. Prior to qPCR, a standard curve for using ovary complementary DNA (cDNA) was performed in order to determine the linear dynamic range and the PCR efficiency of each set of primers.
Only primers with efficiency between 90 and 110% and that produced specific amplicons were used.
Determination of Epab and Pabpc1 copy number
Primary, preantral, early antral, and antral follicles were dissected from the ovaries of unprimed WT mice at 19-23 days of age. For each experiment, 20 oocytes from each follicular stage were separated from the follicles and pooled for RNA isolation and quantitative reverse-transcription polymerase chain reaction (qRT-PCR) as described previously. Quantitative real-time PCR was performed using 1 oocyte equivalent per well. A serial dilution of Epab and Pabpc1 was used to generate a standard curve from which the copy number of the samples was calculated. Briefly, Epab was PCR amplified from the pCR2.1-mEpab- HA vector [10] and Papbc1 was amplified from the pCMV-mPabpc1 vector (GE Dharmacon, Lafayette, CO). Primers used for PCR amplification are listed in Table 1 . PCR fragments were gel purified (Qiagen), and DNA copy number was calculated. A serial dilution containing 10 7 , 10 6 , 10 5 , 10 4 , 10 3 , 10 2 copies per microliter were used as standards and the copy number for each sample was calculated using linear regression analysis.
Immunohistochemical analysis of ovaries
Ovaries were obtained from 12-week-old WT and Epab −/− female mice primed with PMSG for 48 h, were fixed in 4% paraformaldehyde and embedded in paraffin. Ovarian sections (5 μm) were deparaffinized in xylene, rehydrated in graded series of alcohol, and immersed in distilled water. To block endogenous peroxidase activity, samples were treated with 3% H2O2 in distilled water at room temperature for 10 min, followed by a 5-min PBS with 0.1% Tween-20 (PBST) wash. Nonspecific binding was blocked with 5% normal goat serum (Vector laboratories, Burlingame, CA) in PBST for 1 h at room temperature. Then, excess serum was drained, and sections were incubated with primary α-Bax antibody (1:1000 dilution; product no. NB100-56097; Novus biological, Littleton, CO); α-Caspase-3 antibody (1:250 dilution; product no. 9661; Cell Signaling Technology); α-proliferating cell nuclear antigen (PCNA) antibody (1:1000 dilution; product no. 2586; Cell Signaling Technology) for 1 h at 37
• C in a humidified chamber. Slides were then rinsed in tris-buffered saline and incubated with biotinylated horse antirabbit IgG antibody (1:500 dilution; Vector Laboratories) for 1 h at room temperature. Avidin-biotin-peroxidase kit (LabVision) was used to detect the antigen-antibody complex, and diaminobenzidine (3,3-diaminobenzidine tetrahydrochloride dehydrate; ThermoFisher Scientific, Waltham, MA) was used as the chromogen. Finally, sections were counterstained with hematoxylin and eosin. For each individual primary antibody, all slides were processed simultaneously. Slides were dehydrated through 3-min ethanol and xylene washes and mounted with Permount (ThermoFisher Scientific). Preantral (secondary), early antral, and antral follicles were classified as previously described [10] . Secondary follicles were surrounded by two or three layers of cuboidal granulosa cells with no visible antrum. Early antral follicles were surrounded by four or more layers of granulosa cells, forming the follicular atrium. Antral follicles contained a clearly defined single antral space. The number of cells stained positive for the marker protein was determined for each follicle stage (preantral, early antral, antral) and then divided to the total number of cells counted for the follicle. Ten follicles at each stage were evaluated in each ovary; a total of three mice in each group were evaluated.
Statistical analysis
Data are representative of at least three independent experiments unless otherwise specified. All statistical analyses were done using Graph Pad Prism software and significance was assessed at P ≤ 0.05. Values were analyzed either by Student t-test, one-way analysis of variance (ANOVA), or two-way ANOVA as described in each figure legend.
Results
Gap junction communication is disrupted in cumulus-enclosed oocytes isolated from Epab −/− ovaries An important means of communication between oocytes and somatic cells are gap junctions [17, 18] , which are present from the onset of follicle growth and allow the exchange of ions, metabolites, amino acids, and signaling molecules [19] . To evaluate gap junction communication, COCs from WT and Epab −/-mice were injected with Alexa Fluor 488 Hydrazyde. This tracer has been used successfully to evaluate gap junction communication in ovarian follicles [14] . In our previous study, we found that a majority of oocytes from Epab −/-mice fail to retain connections with cumulus cells and are released from antral follicles as either completely denuded, or partially enclosed in cumulus cells [11] . For the purpose of this experiment, we chose only fully enclosed Epab −/− oocytes to ensure that the oocytes were isolated from large, antral follicles with these connections still intact. As expected, the dye spread completely throughout the cumulus cells of the WT COCs ( Figure 1A ). In order to quantify the spread of the tracer, the CTCF was calculated for the oocyte and cumulus cells individually ( Figure 1B and C) . Also, to account for COCs with different number of cumulus cells, which would therefore affect the fluorescence intensity of the tracer, the CTCF ratio of the cumulus cells vs. the oocyte was calculated ( Figure 1D ). The fluorescence intensity for WT COCs was higher in the oocyte compared to the cumulus cells, such that the cumulus vs. oocyte ratio was ∼0. Figure 2A) . The tracer spread completely in WT preantral FEOs ranging in size from 108 to 140 μm. The average oocyte vs. granulosa CTCF ratio was ∼0.6 ( Figure 2B ) and was consistent with the previous experiment with WT COCs. For Epab −/− FEOs, the spreading of the tracer was dependent upon the size of the follicle. Therefore, the CTCF ratios were divided into two groups: (1) small preantral follicles less than 125 μm in diameter; and (2) large preantral follicles greater than 125 μm in diameter. In small Epab −/− preantral follicles, the dye spread similarly to WT follicles with a CTCF ratio of ∼0.7.
However, the spreading of the tracer into the granulosa cells was significantly lower in large Epab −/-follicles where the CTCF was only ∼0.25 ( Figure 2B ). Overall, this finding demonstrates that gap junctions are disrupted at an early stage of folliculogenesis in Epab −/-ovaries before the granulosa cells differentiate into cumulus cells.
Expression of connexin 37 and 43 is unaffected by Epab deficiency
In order to understand why the tracer does not spread efficiently in Epab −/− COCs and large preantral FEOs, we evaluated the expression of connexins important for gap junction formation by Western blot analysis. First, we examined Cx37 expression since it is the primary connexin produced by the oocyte and is involved in forming gap junctions between the oocyte and cumulus cells [20, 21] . Surprisingly, Cx37 expression was similar in WT and Epab −/− oocytes ( Figure 3A) . Next, we examined Cx43 expression in small and large preantral follicles. Cx43 is expressed by cumulus cells and is important for heterologous gap junctions between the oocyte and granulosa and homologous gap junctions between the granulosa cells [20, 22, 23] . Cx43 expression was similar in WT and Epab −/− preantral FEOs of both sizes ( Figure 3B ). Cx43 expression was also similar in isolated granulosa cells from WT and Epab −/− mice (Supplemental Figure S1 ). Thus, Epab −/− oocytes and granulosa cells express the necessary connexins required for gap junction assembly.
Transzonal processes are impaired in Epab
−/−
follicle-enclosed oocytes and cumulus-enclosed oocytes
Oocyte-granulosa cell structural interactions mainly occur through TZPs that anchor the first layer of granulosa cells to the oocyte. TZPs are not only sites of gap junction formation, but also serve as tracks for secretion of oocyte-derived factors and have been found to transport proteins, mRNAs, and organelles [17, [24] [25] [26] . Therefore, we assessed the effect of Epab deficiency on the structure of F-actin TZPs, believed to play an anchoring and adhesive role between the oocyte and the somatic cells [27, 28] . Preantral FEOs and COCs from WT and Epab −/-mice were fixed and labeled with rhodamine-phalloidin as described previously. Wild-type FEOs showed compact, frequent, and organized TZPs that were distributed through the zona pellucida. The staining and organization of TZPs in small and large WT preantral FEOs were similar ( Figure 4A ). Additionally, F-actin TZP staining was apparent in small Epab −/-FEOs and appeared to be similar to WT FEOs.
Interestingly, F-actin TZP staining was decreased in large Epab
−/-FEOs ( Figure 4A ). Linescan profiles were used to quantify TZP density ( Figure 4B ) where the total fluorescence under the peaks corresponding to the plasma membrane and zona pellucida (denoted by asterisks) were calculated ( Figure 4C ). The total TZP fluorescence was similar between small WT and small Epab −/− FEOs. However, total TZP fluorescence was significantly lower in large Epab −/− FEOs when compared to WT. F-actin TZP staining was also significantly lower in Epab −/− COCs ( Figure 4A-C) . Together, these findings support the gap junction tracer experiments where the tracer spread in small FEOs, but not in larger FEOs or COCs. Not only was the TZP staining weaker, but spaces were often present between the oocyte and somatic cells, further indicating that oocyte-somatic connections are disrupted.
To gain some insight into how TZPs are disrupted, we examined the expression of junction-related proteins thought to be involved in anchoring granulosa cells to the oocyte. According to a previous study, the junctions involved in anchoring TZPs from the granulosa cells to the oocyte are primarily adherens junctions composed of either nectin or cadherin [27] . Adherens junctions maintained by cadherins are thought to be much stronger [29] , and it has been proposed that in the absence of cadherin, tension between the granulosa cells and oocytes would cause TZPs to break and retract [27] . Since the oocyte primarily expresses E-cadherin, mRNA and protein levels were examined in WT and Epab −/− oocytes. Although mRNA levels of Cdh1 were similar, the protein expression of E-cadherin was significantly lower in Epab −/− oocytes ( Figure 5 ).
Epab deficiency leads to abnormal differentiation of cumulus cells
EPAB is important at the preantral stage of folliculogenesis, prior to the differentiation of granulosa cells into cumulus cells. It is therefore possible that cumulus cell differentiation and function is affected by EPAB deficiency, especially given the importance of oocyte-somatic cell communication for granulosa cell development. In particular, the oocyte drives the expression of genes in the cumulus cells that are important for cholesterol biosynthesis and glycolysis. We examined the expression of these genes in cumulus cells from WT and Epab −/− mice using qRT-PCR ( Figure 6 ). The expression of genes involved in cholesterol biosynthesis (Mvk, Fdps, and Slc4mol) was similar between WT and Epab −/− mice. However, the expression of genes involved in glycolysis (Ldha, Pfkp, and Pkm2) was significantly lower. Thus, the absence of Epab in the oocyte results in lower expression of cumulus cell transcripts involved in glycolysis.
Epab deficiency results in increased expression of proapoptotic and mitotic markers in preantral follicle granulosa cells
To determine whether impaired oocyte-somatic cell communication that results from Epab deficiency affects apoptotic death or proliferation of granulosa cells, we assessed expression of Caspase 3, BAX, and PCNA in granulosa cells of preantral, early antral, and antral follicles of WT and Epab −/− mice (Supplemental Figures S2-S4 ). Percentage of granulosa cells positive for these markers was determined by immunohistochemistry. We found that the expression of both proapoptotic (Caspase 3 and BAX) and cell proliferation (PCNA) markers was increased in the granulosa cells of preantral follicles, while expression was similar in early antral and antral follicles from WT and Epab −/− mice (Supplemental Figures S2-S4) . Therefore, absence of EPAB and associated gap junction dysfunction does not seem to have a significant effect on granulosa cell number.
Epab mRNA expression increases in preantral follicle-enclosed oocytes
It was previously demonstrated that Epab mRNA is expressed in prophase I arrested oocytes, metaphase II arrested eggs, one-and two-cell embryos, but is absent in four-cell or more advanced embryos [2] . However, the expression of Epab in oocytes from different stages of follicular development had not been examined. To address this, oocytes were isolated from primary, preantral, early antral, and antral follicles, and Epab copy number was determined using qRT-PCR. The copy number of Epab increased significantly in oocytes Epab copy number increases from the primary to secondary stage of oocyte development. Primary, preantral, early antral, and antral follicles were dissected from 21-day-old WT mice. The oocytes within follicles at each stage were collected, RNA was isolated and reverse transcribed, and Epab (A) and Pabpc1 (B) copy number was determined by qPCR. For each experiment, 20 oocytes from each follicular stage were collected from one WT mouse and used for qRT-PCR. The experiment was repeated three times. Data are graphed as the mean ± SEM. ' * ' indicates significant decrease in Epab transcripts in primary oocytes when compared to preantral, early antral, and antral oocytes. Significance was determined by one-way ANOVA followed by Tukey multiple comparison test.
isolated from preantral follicles compared to oocytes isolated from primary follicles (443,801 ± 110,972 vs. 79,022 ± 19,308; Figure 7A ). The copy number was similar in oocytes from preantral (443,801 ± 110,972), early antral (553,008 ± 33,319), and antral (535,938 ± 65,722) follicles ( Figure 7A ). For comparison, we also examined Pabpc1 copy number from the same oocyte samples. Pabpc1 expression is very low in oocytes, but increases in early embryos after ZGA when it replaces Epab [2] . The copy number of Epab and Pabpc1 was similar in primary oocytes (79,022 ± 19,308 vs. 77,257 ± 36,374); however, Pabpc1 copy number remained constant throughout folliculogenesis ( Figure 7B) . Thus, the increase in Epab copy number at the preantral stage of folliculogenesis corresponds to the timing at which it is required for oocyte-somatic communication, follicular development, and meiotic competence. TZPs are granulosa cell extensions that cross the zona pellucida and contact cytoskeleton components at the oocyte cell surface [18, 28, 30] . Transzonal processes have been observed in all mammalian follicle stages studied thus far and are composed of either actin (actTZPs) or microtubules (mTZPs). The morphology of TZPs are dynamic and change to accommodate the needs of the oocyte and follicle [28, 31] . Transzonal processes are most numerous in preantral FEOs [28] , where they are primarily anchored by F-actin and serve as adhesive and gap junctional contacts [17] , hence the focus of the current study. Later during folliculogenesis, TZPs become less numerous and fully retract following oocyte maturation and ovulation [28] so that the cumulus cells can uncouple from the oocyte [32] [33] [34] . Transzonal processes not only provide a structural role that anchor the cumulus cells to the oocyte, but they also act as tracks for transport of molecules, such as RNA [25, 26] , and organelles including lysosomes, endosomes, and mitochondria [17] between the two compartments. Thus, TZPs are important structures essential for oocyte-somatic cell communication.
It is not known how Epab deficiency leads to abnormal TZP formation. While the structural basis of oocyte-somatic interactions is not completely understood, a previous study by Mora et al. identified the junctions between the oocyte and granulosa cells (GCs) in preantral FEOs as adherens junctions [27] . Adherens junctions are protein complexes that anchor F-actin from one cell to another and consist of transmembrane proteins including cadherins and nectins. Cadherins are anchored to the actin cytoskeleton via α-and β-catenin, and nectins are anchored to the actin cytoskeleton via afadin. We focused on E-cadherin expression since it is exclusively expressed in the oocyte [27] . Interestingly, we found that the mRNA levels of Cdh1 (E-cadherin) were similar, but the protein expression of E-cadherin was significantly lower in Epab −/− oocytes. It has been predicted that the absence of cadherins would create tension between the oocyte and GCs and cause the TZPs to break contact with the oocyte and to retract [17] . This possibility is supported by the observation that spaces between the oocyte and granulosa cells started to form in late preantral FEOs from Epab −/− mice.
Perhaps this is the reason why a majority of Epab −/− oocytes are released from the ovary either partially enclosed in cumulus cells or completely denuded [11] . The lower level of E-cadherin protein despite normal Cdh1 mRNA expression in Epab −/− oocytes suggests a specific translational repression. Further studies are needed to address whether EPAB is directly involved in regulating the expression of E-cadherin, or other junction proteins, at the preantral stage. Another possibility affecting TZP structure is the integrity of the zona pellucida. The oocyte secretes zona pellucida proteins throughout folliculogenesis and ovulation [35] . It has been speculated that ongoing remodeling of the zona pellucida allows for the closure of channels after TZP retraction [17] . If remodeling of the zona pellucida was somehow affected, it may interfere with the ability of TZPs to transverse the zona pellucida and reach the oocyte. Additionally, the structure of the zona is clearly important for oocyte development since thin or thick zonas or those with irregularities have been used as indicators of reduced oocyte quality [36] . In Epab −/− oocytes, the zona pellucida is slightly but significantly thicker when compared to WT oocytes (Supplemental Figure S5) . Thus, uncoordinated deposition of zona proteins could lead to TZP retraction and loss of cumulus cell attachments. Due to the severity of gap junction and TZP impairment, it is surprising that the Epab −/− phenotype is not more severe, as in the case of Cx37-null mice. Not only does folliculogenesis proceed beyond the preantral stage in vitro in Epab −/− mice, but also the cumulus cells that remain intact appear to undergo normal differentiation based on the expression of Amh, Ar, and Slc38a3 [12] . We further examined cumulus cell differentiation and function by examining the expression of genes involved in cholesterol biosynthesis and glycolysis. The expression of genes involved in cholesterol biosynthesis (Mvk, Fdps, and Slc4mol) was similar between WT and Epab −/− mice. However, the expression of genes involved in glycolysis (Ldha, Pfkp, and Pkm2) was significantly lower, demonstrating that this aspect of cumulus cell maturation is affected by Epab deficiency. Since oocytes are unable to utilize glucose as an energy source [37] , they require cumulus cells to metabolize glucose into pyruvate that can then be used by the oocyte [38, 39] . Thus, a reduced capacity of cumulus cells to metabolize glucose may lead to retarded oocyte growth and the inability to undergo meiotic maturation, both of which are characteristics of Epab −/− oocytes. However, the finding that folliculogenesis is able to proceed beyond the preantral stage and that other aspects of cumulus cell differentiation are preserved, despite impaired gap junctions and TZPs, suggests that either another mechanism may be compensating to a certain extent, or that there is enough communication that remains intact to support follicle development.
In conclusion, many aspects of the Epab −/− phenotype can be explained by disrupted oocyte-somatic cell communication. Oocyte growth, chromatin remodeling, transcriptional silencing, and meiotic competence are influenced by the presence of the somatic cells, and are impaired in Epab −/− oocytes. Furthermore, cumulus expansion, ovulation, and follicle development rely on cues from the oocyte and are also affected by EPAB deficiency. The timing of gap junction and TZP disruption coincides with the stage at which oocyte maturation can be rescued in Epab −/− FEOs. Additionally, Epab mRNA increases significantly in oocytes at the secondary stage of folliculogenesis. Overall, these results support a precise role for EPAB at the preantral stage of follicle development. Future studies are aimed towards identifying targets translationally regulated by EPAB.
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